the output will be xo = A1 sin (wt + b1) + A 3 sin (3wtO3) (2) where 45 is the phase shift at w, 03 is the phase shift at 3w, A1 = gain at w, and-A3 = gain at 3w. The output signal is delayed by ll/w so changing the time origin of the signal As this series converges in the area of linear phase response, 05(w) may be evaluated, although terms independent of frequency will not be represented. 
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The set of voltages obtained from the electrode complement was treated as a data vector. Four electrode pairs were employed in this evaluation; therefore, data vectors and the total data space contain four dimensions. The ends of the data vectors were found to cluster when plotted in the data space. Each cluster was associated with a set of vectors obtained from a distinct limb position and it was also found that the clusters tended to elongate radially outward from the origin. Since a nearest neighbor pattern (cluster) recognition algorithm was to be implemented, it was felt that the accuracy could be improved and the size of the look-up table minimized by normalizing the data vectors and using direction cosines instead of the voltages as they were input into the microcomputer.
PERFORMANCE OF THE MICROMPUTER-BASED CLASSIFIER
Four electrodes were placed around a normal subject's right midforearm in roughly the four quadrants. Then five vectors were recorded for each of six limb configurations and entered into the look-up table. The limb configurations used were the following: hand grasp, hand open, wrist flex, wrist extend, forearm pronate, and forearm supinate. During the experiment, the subject received immediate feedback of any errors, and as a result an improvement in accuracy was obtained that was attributed to a learning process. The experiment was conducted by proceeding through the list of limb orientations, both forward and backward, and by requesting a position and then activating a single vector classification in the microcomputer.
The confusion matrix resulting from this total run of 600 vectors is shown in Table I . The vector labels in the left column indicate the pattern class for which a vector was requested. The numbers across each row are the percentage of time each class was chosen by the microcomputer classifier. These results compare favorably to those reported by Herberts et al.-[11 who used a linear combination discriminant function as a classifier to the EMG signal amplitudes from six sites and positioned the electrodes for optimum pattern separation. In both cases, the same limb configurations were used. Before the training, Herberts obtained correct classification accuracies ranging from 57 to 100 percent, and the majority of the classes were identified correctly more than 95 percent of the time.
The effect of the limited training that occurred during the course of the experiment can be seen by comparing the confusion matrix obtained for the last half of the experiment, shown in Table II , with that obtained for the entire experiment. As is evident in a comparison of the two tables, the classification of the first four movements (grasp, open, flex, and extend) did not improve substantially. However, the accuracy with which the last two classes were identified, i.e., pronate and supinate, did improve through the training process.
Further enlightenment as to why these particular results were obtained may be found from an examination of the look-up table used by the microcomputer. This is shown in Figs. 1 and 2 for two three-dimensional projections of the four-dimensional data space. The vector codes are A-grasp, B-open, C-flex, Dextend, E-pronate, and F-supinate. As may be seen best in Fig. 2 , the vectors for classes A, B, C, and D formed reasonably tight groupings. Note that the operation of this classifier will place the unknown vector into the look-up table space (as is shown in the figures) and will pick the class of the closest vector. There was one "flier" from class A (grasp) that is close to class D (extend) and class F (supinate) and is probably responsible for those 3 percent errors shown in Table I . Class E (pronate) and F (supinate) were the most diffuse clusters, an indication that the unknown input vectors from these classes also had a corresponding spread. In addition, these diffuse clusters can sabotage the other classification results. Cluster 
DISCUSSIONS AND CONCLUSIONS
When the microcomputer-based nearest neighbor classifier was evaluated, five vectors were placed into the reference list. This decision was based on previous qualitative evaluations of the classifier and a desire to keep the cycle time of the classifier as low as possible. The validity of this decision was confirmed during the algorithm evaluations when the condensed reference lists were found to average between two and six vectors for most classes. The exceptions were the difficult to separate hand open and forearm supinate motions, which were heavily represented in the reference list because of the criteria used to classify a vector correctly during training or to add that vector to the reference list.
An inconsistency was observed between the results reported 359 I for the microcomputer-based pattern classifier and the results obtained from the prerecorded data files. As was reported for the microcomputer-based system, the patterns for pronate and supinate were difficult to resolve with the same accuracy as the other patterns. When the classifier was applied to the prerecorded data files, the difficult patterns to classify were open and supinate. The reason for this pattern difference is probably related to electrode placement and the fact that the two experiments were performed with different individuals. In this experiment, the four electrodes were positioned around the four quadrants of the midforearm. A minimal amount of electrode repositioning was employed to optimize the correct pattern classification. In both cases, when the vectors were classified in the microcomputer and when data were recorded for the data files, the complete data sets were processed in one session to avoid the possibility of errors in replacing the electrodes.
Subject Characteristics of the SEP which have been or are potentially measurable include its latency, amplitude, morphology (or overall shape), and dispersion (or smoothness). These in turn depend, respectively, upon the speed of impulse traffic, the number of cortical or subcortical units that are simultaneously activated at each generator site, the number of normal neural generators that are sequentially excited, and the synchrony with which impulse traffic travels. The first three of these give useful information. However, desynchronization with resulting increased dispersion of the SEP can be expected to occur earlier and to a greater extent than alteration of latency, morphology, and amplitude [6] .
In this study, we describe a method for measuring dispersion of the SEP, a characteristic that has thus far not been quantitated. The results in a normal control group are compared to a group of patients with suspected or definite multiple sclerosis [5] . METHODS 
Subjects and Patients
There were 21 normal volunteers without a relevant history of neurological disease who gave informed consent for study. Their 
Electrophysiological Techniques
Previously reported methods were used [71, [8] . In essence, the second digit was stimulated percutaneously using a DISA model 1 5E07 stimulator with monophasic square-current pulses applied through ring electrodes and an intensity 2.5 times sensory threshold (usually between 5 and 10 mA). Stimulus rate was 5/s and stimulus duration was 0.2 ms. Recordings were made from the scalp using needle electrodes po-0018-9294/83/0600-0360 $01.00 © 1983 IEEE
